Abstract
Introduction
It is well-known that wireless communication system capacity can be substantially enhanced by employing multiple antennas at the transmitter and/or the receiver. However, in a cellular system or ad hoc wireless network, it is often impractical for a mobile terminal or a sensor node to equip with several antennas due to the limitations of size and hardware complexity. Fortunately, in multi-user wireless networks communication nodes may cooperatively share their antennas to achieve transmit diversity by forming a virtual antenna array in a distributed fashion. So-called cooperative diversity relaying on the cooperation among multiple terminals may be achieved. Thus, cooperative communication [1] [2] has gained much attention in the research of wireless network in recent years.
In a cooperative system, the most common cooperative strategies are amplify-and-forward (AF) [3] , decode-and-forward (DF) [4] and coded cooperation (CC) [5] . For AF, relay nodes amplify the signals received from a source and transmit the amplified version of the signals to the destination node, while the noise power is amplified at the same time. For DF, the relay nodes decode the information received from the source and re-encode the signal before transmitting it to the destination. The relays do not amplify the noise when forwarding, but error retransmission occurs when there is an error on decoding. In CC, the relays encode the received signals without decoding and forward the codes to the destination directly. Compared to DF, the CC strategy does not require decoding. Therefore, it can avoid not only amplifying the noise power, but also the error retransmission.
The distributed space-time block coding cooperation is the most important cooperative mode in the CC. It can introduce much more diversity gain, and highly improve the error performance of the whole system. Coherent detection (CD) is commonly used at the receiver. It requires full channel state information (CSI) when decoding, both the channel from the transmitter to relays and the channel from the relays to the receiver. However, in wireless relay cooperative systems, the number of channel increases doubly as the increase of the cooperative nodes. It is more difficult to achieve CSI timely and accurately.
To avoid the difficulty of channel estimation, differential cooperative transmission scheme was proposed. A comprehensive study on differential space-time block code for cooperative system with AF [6] [7] , DF [8] [9] [10] and CC [11] protocols have been made. Differential detection requires no channel information neither at the relays nor the destination. It can reduce the complexity of decoding and the implementation of the system. The conventional differential detection (CDD) estimates the data symbol by directly calculating the difference between the two successive received symbols. Compared to CD, the bit-error rate (BER) performance of CDD is about 3dB worse [11] . To narrow the performance gap, multiple-symbol differential detection (MSDD) was proposed for cooperative systems [12] [13] [14] . In contrast to CDD having an observation window size of Nwind = 2, the MSDD collects Nwind > 2 consecutively received symbols for joint detection of the (Nwind − 1) data symbols. So far, the research on multiple-symbol differential space-time detection for cooperative systems is mostly based on AF [12] [13] [14] and DF [13] [14] strategies. Little work has been done on MSDD for cooperative systems with CC strategy.
Distributed differential space-time codes for cooperative systems were proposed in [11] using Alamouti [15] , square real orthogonal [16] , and Sp (2) codes. Based on the two-stage transmission model constructed in [11] , this paper proposes a MSDD algorithm based on maximum likelihood (ML) principle. Compared to the CDD, it can obviously improve the performance of the system. This paper is organized as follows. In the following section, wireless cooperative network model is introduced. The cooperating principle of the wireless network is also given in this section by introducing Alamouti transmit diversity scheme in a two-relay network. In Section , we show Ⅲ multiple-symbol differential encoding and decoding algorithm for Alamouti scheme. Simulation performances of differential codes under different modulations are given in Section . Section Ⅳ Ⅴ concludes the paper.
In this paper,   
System Model
The network as shown in Fig. 1 consists of a source node, a destination node and i other relay nodes which aid the source in transmitting information to the destination. The nodes are placed randomly and independently according to some distribution. Each node is equipped with single antenna, which can be used for both transmitter and reception. Denote the channel from the transmitter to the m th relay as m f , and the channel from the m th relay to the receiver as m g . m f and m g are all independently and identically distributed complex Gaussian random variables and keep constant for a block of T transmission intervals.
Figure.1 Wireless cooperative network
We also assume that the nodes are synchronized at the symbol level. At the source, information bits are encoded into a group of T symbols .In general case, consider the number of relay i, the received signal of the destination can be written as Multiple-Symbol differential detection for distributed space-time block coding cooperative system Xiaowei Zhou, Jie Chen, Xiaoping Jin, Ning Jin,Zheng Quan Li, Jiong Shi
where m v and m w denote the noise from the source to the mth relay and from the mth relay to the destination respectively, 1 P and 2 P denote the average power of signal transmission of the source and the relay, respectively. If the total power of signal transmission in the whole cooperative network is P,
we have 1 2
, where i is the number of relay. For the case that either Ai=0, Bi is unitary or Bi=0, Ai is unitary. The working principle of the system in detail can refer to [11] .
MSDD for Distributed Differential Space-Time Block Coding Cooperative System
In [11] , a conventional differential transmission scheme based on maximum likelihood detection for wireless networks with any relays and no channel information at either relays or the destination was proposed. It estimates the data symbol based on the information of the two successive received symbols. The estimate of the corresponding sending signal is calculated in the sense of minimizing the mean square error depending on 2 min arg
Decision Metric for MSDD
MSDD was first proposed [17] for differential phase shift keying (DPSK) to gain the performance over the CDD. In this section, we develop the MSDD algorithm on the basis of the scheme in [11] for cooperative systems using distributed differential space-time codes.
Take Alamouti scheme in a two-relay network for example, we encode the message to be transmitted at the source into unitary matrices 
take (4) into (5), we get 
When m f and m g obey quasi-static Rayleigh flat fading condition and the transmit antennas are uncorrelated. Assume the channel information keeps constant for three slot times, then
, so we have
Hence, we get the decision metric for the two-relay network in the case of the observation window size Nwind = 3 as following:
Similarly, we can obtain the decision metric in the case of the observed window size N wind = 4:
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Analysis for Decision Metric
The above decision metrics of MSDD are suitable for Alamouti code, so does square real orthogonal code which uses four relays for cooperating. The difference is the definition of U. One can define the value of U according to the codeword listed in [11] .
In this section, we analyze the decision metric of MSDD on the aspect of simulation. Consider 
Simulation
In this section, we show simulated performance of our MSDD algorithm where the observation window size is 3 ( Fig. 3 show the BER performances of a two-relay wireless network with Alamouti space-time coding structure using MSDD, CDD and CD algorithm, while the information symbols are modulated by BPSK and QPSK, respectively. In BPSK modulation, as shown in Fig. 2 , when BER is 10 -2 , The performance of the MSDD algorithm is of 0.57dB (10.57 dB -10 dB) better than that of the CDD algorithm. When BER is 10 -4 , the BER performance of MSDD is of 1.82 dB (16.66dB -14.84dB) better than that of CDD. Similarly, in the case of QPSK modulation shown in Fig. 3 , when BER is 10 -2 , the BER performance of MSDD is of 1.34dB (14 dB -12.66 dB) better than that of CDD. And when BER is 10 -3 , the BER performance of MSDD is of 2.24 dB (18dB -15.76dB) better than that of CDD.
From Figs. 2 and 3, it can be seen that the MSDD scheme narrow the performance gap between the CDD and CD, and as SNR increases, the performance of MSDD improves considerably under both BPSK and QPSK modulations. In Fig.4 and Fig.5 , we show the performance of a four-relay network with real signal constellation space-time coding under different detection methods. In 2-pulse amplitude modulation (PAM) modulation, as shown in Fig.4 , when BER is 10 -2 , the BER performance of MSDD is of 0.32 dB (10dB -9.68dB) better than that of CDD. When BER is 10 -3 , the BER performance of MSDD is of 0.94 dB (12.34dB -11.4dB) better than that of CDD. In 4-PAM modulation which the four modulating values are [-0.6 -0.2 0.2 0.6] as depicted in Table 1 , as shown in Fig.5 , that when BER is 10 -2
, the BER performance of MSDD is of 0.18 dB (16dB -15.82dB) better than that of CDD, and when BER is 10 -3 , the BER performance of MSDD is of 1.66 dB (19.84dB -18.18dB) better than that of CDD. So in real signal constellation space-time coding operative system, the MSDD can also achieve a better performance than CDD. 6 depicts the BER performance of MSDD for normalized Doppler frequencies fd1=0.0075, fd2=0.03 under the observation window size of 2, 4, 7. The system is constructed with two relays and under QPSK modulation. Obviously, as the observation window size increases, the influence of the BER performance on Doppler frequency decreases. For instance, at SNR=20dB, when Doppler frequency changes from fd2 to fd1, the difference of BER performance is 0.0045-0.00042=0.0048, 0.0005 -0.00008 =0.00042 and 0.000167-0.00008=0.000087 responding to the observation window size N wind = 2, 4 and 7, respectively. It can be seen in Fig.6 , an error floor is encountered at fd=0.03 when N wind = 2 and the increase of observation window size can overcome this problem effectively. 
Conclusions
In this paper, we propose MSDD scheme based on maximum likelihood principle for distributed differential space-time block codes. The proposed MSDD algorithm improves the BER performance compared to CDD. The simulation results demonstrate that at high SNR, the performance improvement is more remarkable. Increasing the observation window size can decrease the effect of Doppler and effectively overcome the problem of error floor.
